Abstract: Mandibular/bimaxillary advancement surgery is described as a potential means of increasing the oropharyngeal airspace, provided a significant improvement in breathing capacity. Aim: To evaluate postural changes suffered in the positioning of the head and the hyoid bone, dentofacial deformity patients undergoing orthognathic surgery with consequent dimensional changes of oropharyngeal airspace. Methods: We evaluated the archived records of patients with postoperative 6 months minimum, being used as criteria for selecting individuals with dental class II malocclusion and facial Pattern II, jaw or maxilomandibular deficiency, patients undergoing orthodontic-surgical treatment through mandibular advancement or of both bony bases, associated or not to genioplasty. Twenty-eight patients were part of the sample and were evaluated by means of lateral radiographs in lateral standard digitized, in three distinct periods: pre-operative, immediate, postoperative period and late postoperative period (minimum 6 months). 12 linear measures and two angular cephalometric analysis were used in this research. Results: With the surgery, there was an average of mandibular advancement 6.76 mm, while remaining stable in the long-term follow-up period; the hyoid bone moved onward and upward, extending your movement in the post-operative. The cervical region presented minimal movement of the head extension in the immediate post operative with almost total returns the position of the head in the post-operative. The surgical movement of oropharyngeal air space was in the same direction of the mandibular movement, but to a lesser extent (1.88 -2.76 mm). In the post-operative period was a late partial reduction of the diameter of the air space between 34-56% of gain, representing an apparent accommodation of this anatomical region soft tissue. Conclusion: Orthognathic surgery of mandibular advancement or bimaxillary promotes significant changes in aesthetics, in the position of the hyoid bone and upper airway dimensions, getting better quality of life to these patients.
Introduction
Among the morphofunctional deviations which affect the population, Class II with skeletal involvement, also known as facial Pattern II, deserves special attention because of the significant changes it exerts in facial aesthetics and in masticatory and respiratory functions 1, 2 .
Studies 2-6 involving radiographic cephalometry in Pattern II individuals with mandibular deficiency and clockwise rotation have demonstrated that these patients frequently have higher anteroinferior facial height, Class II occlusion, height reduction of the mandibular branch, retraction of the base of the skull, frequent TMJ problems, narrow posterior air space, as well as an inferiorly positioned hyoid bone and maxillary retroposition.
The inadequate respiratory pattern in these individuals induces functional adaptations, promoting muscular imbalance of the face, postural changes such as parted lips and posterior head extension. The vital need to maintain the airspace pattern at the base of the tongue can explain the rotation in these Pattern II patients, who develop over the years a long face, due to mandibular retrusion, requiring orthognathic surgery for its correction 7 .
Mandibular advancement surgery is described as a potential means of increasing oropharyngeal airspace 8 , while, the airspace amplitude, obtained from it, is directly related to the amount of surgical advancement performed 9, 10 . The first 10 mm of mandibular advancement tend to present a higher percentage of increase in the oropharyngeal air dimensions. For numbers above, the space continues to increase in size, but at a lower rate considering the amount of mandibular advancement. The position of the head and neck are also directly related to the dimensions of the pharyngeal air space acquired after maxillomandibular advancement surgery, as it has been demonstrated in clinical and experimental studies 11, 12 .
As the studies referring to the morphofunctional alterations of facial-Pattern-II patients represent an open field in science, the present study aimed at examining the cephalometric relationship between the hyoid bone, mandible, skull and cervical spine, trying to establish a relationship between such variables and the size of the pharyngeal airspace before and after orthognathic surgery.
Materials and Methods

Ethics Committee
This study was submitted and approved by the Human Research Ethics Committee of the University of Araraquara (CEP) under number CAAE 32629314.3.0000.5383.
Sample size
This retrospective study was carried out by evaluating the cephalograms of 28 patients from the Centro de Pesquisa e Tratamento das Deformidades Bucofaciais (Center for Research and Treatment of Buccal Deformities -CEDEFACE, Araraquara_S.P., Brazil), 20 of which were female and 8 male, with an average 30 years of age.
Eligibility criteria
A minimum postoperative period of 6 months, Class II and Standard II malocclusion due to mandibular deficiency, submitted to orthodontic-surgical treatment of mandibular or maxillomandibular advancement, associated or not to advanced genioplasty and / or anti-clockwise rotation of the occlusal plane. Initially, 686 medical records of individuals treated between 1997 and 2014 were evaluated, of which, according to inclusion and exclusion criteria, the medical records of 34 individuals were selected. During the sample selection, 6 cases were excluded because of any of the following factors: transverse maxillary discrepancy requiring surgical transverse intervention, presence of intercurrences during orthodontic-surgical treatment or need for a new surgical intervention, absence of complete documentation or of unsatisfactory quality, thus leaving a final sample of 28 individuals.
Calibration
The examiner was previously calibrated by repetition until the procedures were considered consistent by a second examiner. The intraclass correlation coefficient was always higher than 0.9. A pilot study was performed in order to minimize possible errors of the method.
Study design
The radiographs were evaluated in three distinct periods: preoperative (T1), up to 1 month before surgery; immediate postoperative period (T2), within 15 days after surgery; and late postoperative (T3), at least 6 months after surgery. For the evaluations at the proposed times, digital lateral cephalometric teleradiographs obtained from the same digital X-ray imaging system (Vatech® PAx-400C, Korea) were used, on which the cephalometric analysis UNIARA, created by Radio Memory (Radio Memory®, Belo Horizonte_M.G., Brasil), based on the works of Coleta et al. 4 and Dela Coleta et al.
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, to meet the proposed objectives of the research. For its construction and greater position specificity, special tools were developed to help locate the 19 cephalometric landmarks used in the scientific work (Figure 1 ). Like the examiner, the method was previously tested in a pilot study.
A Horizontal Reference Line (LHR), drawn from Sella and at a seven-degree angle from S-N line and a perpendicular Vertical Reference Line (LVR) were used as reference for the quantification of the surgical movement, evaluation of the postural changes of the head and movement of the hyoid bone. Linear distances (millimeters) were measured from each point to the vertical and horizontal reference lines, thus obtaining two measurements for each cephalometric landmark (Figure 1 ). After the marking of the stitches, the pre and post-operative radiographs and tracings (immediate and late) were superimposed to check if the reference lines were coincident in all three surgical times. Based on the cephalometric tracings, it was possible to quantify the changes promoted by the surgery (T2-T1), as well as the stability of this movement (T3-T2). The cephalometric measurements used in the research are described in figure 1.
Statistical analysis
The data obtained in the study were divided into groups according to the type of surgery performed (maxillomandibular or mandibular) and also, according to the amount of mandibular advancement (≤10mm or> 10mm), for better interpretation of the data and comparison with findings of literature. The statistical analyzes used were the parametric Student's t-test for the data with normal distribution and the Pearson correlation coefficient to measure the degree of linear correlation between two variables.
RESULTS
All 28 patients in the sample underwent mandibular advancement (measured at point B), with a minimum movement of 2mm and a maximum of 15mm. Approximately half of the patients (13) were also submitted to anti-clockwise rotation of the mandible and 9 received advancement / impaction mentoplasty as a complement to the mandibular advancement. The bimaxillary surgeries were performed in 9 patients, all characterized by the advancement, impaction and / or inclination of the palatal plane.
The values of the changes promoted by orthognathic surgery and long-term stability are described in table 1 (total sample); while in tables 2 and 3, it is possible to visualize, in a comparative way, the surgical changes that occurred according to the type of surgery (maxillomandibular or mandibular) or the amount of movement executed (≤10mm or> 10mm).
Pearson's correlation was applied to the airspace in the 3 areas measured and to the position of point B, the hyoid bone, the head and the neck produced low values for most variables. Table 4 shows Pearson's correlation according to the type of surgery performed and the amount of surgical movement. 
DISCUSSION
A variety of ways of assessing oropharyngeal airway changes as a result of orthognathic surgery, such as lateral cephalometry, computed tomography, polysomnography, and nasopharyngoscopy 14, 15 are described in relevant literature. In our study, we chose to measure the airspace through lateral normalized cephalometric radiographs, taken while patients were sitting and in the natural position of the head. This technique has the advantage of, conveniently, being part of the orthodontic documentation usually required for planning and post-surgical follow-up 4 . Some limitations were observed in the present study as the sample size, and post-surgical follow-up (minimum of 6 months). Although half of the sample had a follow-up of 12 months or more, in the case of airspace assessment. When evaluating the effects of orthognathic surgery on the airway in patients with obstructive sleep apnea, recurrence of the soft tissues of the airways during the first year has been observed, especially in advances fewer than 10 mm. Thus, it would be interesting that the follow-up of all patients was greater than 12 months.
Another important factor is that linear analysis is based on craniometric points that undergo changes in anatomic location when observed in the preoperative and immediate postoperative periods. Likewise, the accommodation of soft tissues of the palate and tongue in the late postoperative period causes changes in the location of measurements of craniometric points. For this reason, in the cephalometric analysis of this study, the morphometric quantification of the airspace area 16 was performed.
According to the literature 3, 8, 17 , maxillomandibular advancement movements promote a substantial increase of the airways in all dimensions, be it antero-posterior or lateromedial. In the present study, 9 patients underwent bimaxillary advancement surgery, with an average sagittal movement of 9.80 mm in the maxilla and 10.89 mm in the mandible. In these cases, there was a linearly quantified increase from cephalometry, 1.86 mm of airspace in the upper region, 2.40 mm in the middle region and 3.52 mm in the lower region, stable in the long run. The maxillo-mandibular advancement values achieved by the patients studied are compatible with other studies in the literature 16, 18 . In the cases in which only the mandibular advancement was performed, which was the greater part of the sample studied 19 , the mean value found for point B was lower compared to that of the maxillomandibular surgery group (4.81 mm, SD 3, 43mm), although both values are within those reported in the literature. This fact proves that the movements observed in the studied sample are comparable to the ones from studies already published, acting as a parameter for the evaluation of the modifications occurred in the oropharyngeal airspace.
Another movement capable of providing an increase in oropharyngeal airspace is the anticlockwise rotation of the occlusal plane, due to the lower and anterior positioning it provides to the soft tissues of the palate, promoting an increase in space for the tongue that is now more anterior 9, 16, 18, 19 . Keeping the supra-hyoid muscles attached to the anterior region of the mandible promotes an anterior tension of the tongue and hyoid bone, pulling them forward, and consequently, significantly increasing the pharyngeal airspace. In the present study, 13 patients were submitted to anti-clockwise rotation of the mandible, and 9 of them also received advancement / impaction mentoplasty both as a complement to the mandibular advancement and as an additional movement. In these patients, the results of oropharyngeal airway gain were slightly higher than in the others, which reinforces the importance of this movement to increase the span of the upper airways.
Soft tissue edema is a factor that should be considered when assessing air space and head posture, especially in the immediate postoperative period of bimaxillary advancement surgery. This fact may justify the small average gain of oropharyngeal airspace in our sample, which ranged from 27.81% to 40.82% of the mandibular advancement, since 8 patients presented some reduction of the initial air space in one of the measured areas (upper, middle or lower) in the immediate postoperative period. Carvalho 16 also observed this event in his sample (n = 20), with a reduction in both area and volume of airspace of four patients in the immediate postoperative period but who had a substantial gain in the late postoperative period. These findings corroborate the study by Coleta et al. 4 , who obtained an increase of 28% in the upper air space related to mandibular advancement. Apparently, airway edema may have camouflaged the actual gain of airspace in the immediate postoperative period in such cases.
In addition to postoperative soft tissue edema, the size of the airspace is also subject to the influence of the type and the amplitude of the surgical movement performed. Authors such as Li et al. 20 considered that for a 10mm skeletal advancement a 5mm gain was obtained in the oropharyngeal space in its anteroposterior diameter, predicting a relation between the movement of the bone bases and the linear airway gain of about 2: 1. Although the present study recorded an average linear airway gain of less than 50% of the surgical movement performed, when the sample was divided into two groups, according to the amount of mandibular advancement performed, different proportions of airspace gain became evident. In the group where mandibular advancement was >10mm (mean value of 13.51mm), the percentage of airspace increase in the three areas analyzed ranged from 14.43% to 25.98% for the measure obtained for B-LVR. In the group with mandibular advancement ≤10mm (mean value of 4.51mm), the linear airspace gain varied from 41.24% to 55.65% of the mandibular surgical movement. In both groups, there was a substantial reduction in airspace in the 3 points measured in the late postoperative period. This difference between the proportions of the linear gain of the oropharyngeal airway observed between the two groups of the present study can be justified by the work of Reiche-Fischel and Wolford
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, in which the oropharyngeal space changes of 72 patients with mandibular advancement were evaluated. In this study, the authors demonstrated that there was a higher percentage of airspace size gain for the first 10 mm of mandibular advancement (66%). For advancements greater than 10 mm, the air space continues to increase in size, but at a lower rate relative to the amount of mandibular advancement (between 10 and 15 mm of mandibular advancement, the air space increased 56% and for advances >15 mm the space gain was 41%). Considering that the normal size of the upper airways is 11 ± 2 mm 22 when measured on lateral radiography, our results showed mean values for airspace always higher than 12 mm in the immediate postoperative period, stabilizing above 11 mm in the late postoperative period, within the limits of normality.
Another area that plays an important role in the maintenance of oropharyngeal airspace and that is influenced by the surgical movement of the mandible is the hyoid bone 7, 12, 14, 23, 24 .
The antero-posterior position of the hyoid bone is determined by the joint action of the muscles that are attached to the structures above and below it and by the resistance offered by the elastic membranes of the larynx and trachea, which forces it towards a return to, almost, its original position after a certain postoperative period 12, 14, 23, 25 . The vast majority of studies describe changes in the position of the hyoid bone and in the size of the pharyngeal space 1-2 years after surgery 7, 12, 13, [23] [24] [25] . Contrary to these findings, we observed a forward and upward movement of the hyoid bone following the surgical movement of the mandible. Although the distances between the H-C3 and H-RGn points were reduced in the late postoperative period, the linear distance of the hyoid bone in relation to the vertical and horizontal reference lines clearly showed an enhancement of the movement obtained in the hyoid bone soon after the surgery without relapse.
The relation between the position of the hyoid bone and the posture of the head has also been studied in some scientific articles, in which it was verified that the position of the head promotes antero-posterior adaptation of the hyoid bone and interferes in the pre and post-surgical size of airspace 11, 26, 27 .
Patients with long face and facial pattern II tend to exhibit an extended head posture as a way to improve respiratory capacity. However, after surgery, there is a strong tendency for the head to flex, after most surgical procedures, acquiring a more centralized position. The cervical skull position acquired after surgery is influenced by supra-hyoid post-surgical muscle tension, by the direction and distance of the surgical movement, and by changes in the upper airways. The angle formed by the CVT and OPT lines, used to observe the changes in the cervical region resulting from the surgery, showed a minimal movement of cervical flexion in the immediate postoperative period (0.44º), directing the head upward, with an almost complete return, to the previous position, of the head in the late postoperative period (-0.42° of cervical extension). Coleta et al. 4 observed that patients flexed their heads after surgery (5.6º) and extended it 1.8º during long-term follow-up. Other authors have reported a 0.65º to 3.4º of flexion of the head after mandibular advancement surgery 24, 28 . The lack of standardization in the positioning of the head and neck during X-ray imaging may justify the wide variety of values obtained for the cervical skull region in different scientific studies 4 
.
Although most of the changes observed in the present study were similar to those reported in the literature, few variables showed statistically significant changes, just as the correlations observed between airspace and other areas were not strong, with the exception of H-LVR and IEA (>10mm). This can probably be explained by the fact that, although the sample had a reasonable number of individuals, when divided into groups, they became relatively low in number for statistical analysis, interfering with the results. Thus, it would be prudent to continue the study increasing the size of the sample for greater fidelity of the statistical data.
In conclusion, orthognathic surgery of mandibular / bimaxillary advancement promoted favorable changes in position of the hyoid bone and in the dimensions of the upper airways. The upper airways showed an increase in their dimensions after surgery, and this gain was proportionally greater in cases of bimaxillary surgery and mandibular advancement of less than 10 mm. Statistical analysis showed, in most cases, little correlation between changes in the mandible, hyoid bone and / or head with the increase in oropharynx airspace.
